number of studies have shown that snoring is associated with glucose metabolism and development of diabetes. [13] [14] [15] [16] In two similar prospective studies with 10-year follow-up, Elmasry et al. [14] and Al-Delaimy et al. [15] found that snoring was independently associated with increased incidence of Type II diabetes in 2668 men aged 30-69 years old and 69,852 women aged 40-65 years old, respectively. However, only a few studies have directly discussed the relationship between snoring and prediabetes, particularly in China. Therefore, we hypothesized that Chinese individuals who snore might have a higher risk of prediabetes. A cross-sectional study assessing the association between snoring and prediabetes was performed in a cohort of adults without diabetes, aged ≥40 years old, who were from three different communities of Beijing.
Methods

Participants
The present study was accomplished from December 2011 to August 2012 in the Gucheng, Jindingjie, and Laoshan communities of Beijing. According to the exclusion criteria, people who had difficulty in moving, conversation, and bad compliance were excluded from this study. Overall, using a cluster sampling method, 19,308 inhabitants aged ≥40 years old were recruited with signed informed consent (135 people who aged <40 years old were excluded). This study was approved by the Ethics Committee of the Chinese People's Liberation Army (PLA) General Hospital.
Data collection
All participants underwent this study in the Community Health Service Center of the three communities, where their fasting blood sample was obtained by venipuncture after overnight fasting for at least 10 h. And then, a 75 g oral glucose tolerance test (OGTT) was performed on the individuals without self-reported diabetes to obtain the 2 h postload blood sample. The collected blood samples were subsequently analyzed on an automatic analyzer (Cobas 8000 Modular Analyzer Series; Roche Diagnostics, Basel, Switzerland) to obtain measurements of fasting blood glucose (FBG), 2 h postload blood glucose (PBG), serum triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein-cholesterol (LDL-C) in the Laboratory of Chinese PLA General Hospital. The upper limit values of TC, TG, and LDL-C were 5.6, 3.4, and 1.7 mmol/L, respectively.
Before the second venipuncture after OGTT, participants were interviewed by well-trained physicians for obtaining baseline data through a standardized questionnaire including sociodemographic information (i.e., gender, age, occupation, and education), lifestyle (i.e., smoke, alcohol consumption, and sleep habit), depression status, and medical history (i.e., stroke, myocardial infarction, and hypertension [HTN] ). Snoring, quality of sleep, and night sleep duration were self-reported by answering items on a questionnaire. Snoring frequency was ascertained by the following question, "In the past 12 months, how often did you snore during the night sleeping?", and the options for responses were "never", "occasionally", and "habitual", which was defined as "never or nearly never", "1-2 nights per week", and "≥3 nights per week", respectively. The quality of sleep was classified as "good", "bad sleeper with no hypnotics", and "bad sleeper with hypnotics". The duration of night sleep was calculated by answering the question, "what time do you go to bed at night, and get up at morning, in the past 7 days?" and also recorded in the questionnaire.
The anthropometric measurements, including height (kg), weight (m), hip circumference (HC; cm), and waist circumference (WC; cm), were obtained for every participant. Body mass index (BMI) calculated as weight/height (kg/m 2 ) was divided into three categories: BMI <24 kg/m 2 , 24 ≤BMI <28 kg/m 2 , and BMI ≥28 kg/m 2 .
After at least 5 min of rest, blood pressure was measured three times in the seated position using an Omron HEM-9000AI device (OMRON, OmronCompany, China).
The systolic blood pressure (SBP) and the diastolic blood pressure (DBP) were calculated as the average of three measurements in the analysis.
Definition of variables
According to data from the questionnaire and the recorded values of FBG and PBG, people with self-reported diabetes (n = 2544), people with newly-diagnosed (n = 2122) diabetes (defined by FBG ≥7.0 mmol/L or PBG ≥11.1 mmol/L), people with missing blood glucose values (n = 141), and people who were unaware of whether they snored during sleep (n = 909) were excluded. The remaining subjects were included in the final statistical analysis, and classified into two groups:
(1) normal glucose regulation, defined by FBG <6.1 mmol/L and PBG <7.8 mmol/L; and (2) prediabetes, including three subgroups: isolated impaired fasting glucose (iIFG, defined by FBG of 6.1-7.0 mmol/L and PBG <7.8 mmol/L), isolated impaired glucose tolerance (iIGT, defined by FBG <6.1 mmol/L and PBG of 7.8-11.1 mmol/L), and IFG + IGT (defined as FBG of 6.1-7.0 mmol/L and PBG of 7.8-11.1 mmol/L). [1] Education status was divided into three types according to the educational duration: <6 years, 6-9 years, and >9 years. The status of smoking, alcohol, and tea consumption was recorded as yes/no. Depression status was quantified by the Patient Health Questionnaire-9, and the subjects who scored ≥10 were defined as having moderate or severe depression. [17] Family history of diabetes (FHD) was defined as any history of diabetes in the first-degree relatives (parents, siblings, and children). History of cardiovascular disease was defined as any self-reported occurrences of stroke, myocardial infarction, or coronary heart disease. HTN was defined as self-reported history of HTN or SBP ≥140 mmHg (1 mmHg = 0.133 kPa) or DBP ≥90 mmHg.
Statistical analysis
The continuous and categorical variables are presented as mean ± standard deviation (SD) and n (percentages), respectively. To compare variables among different groups, Pearson test and analysis of variance (ANOVA) were used for the continuous and categorical variables, respectively. Single factor analysis was used to screen all possibly related confounders to prediabetes.
Three multivariate logistic regression models were built to examine the effects of self-reported snoring on prediabetes and its subgroups (iIFG, iIGT, and IFG + IGT) by calculating the odds ratio (OR) and 95% confidence intervals (CIs). Model 0 was not adjusted for any confounding factors, while Model 1 was adjusted for age, gender, and BMI. Model 2 was further adjusted for education status (≤6 years, 6-9 years, and >9 years), WC, HC, waist-to-hip ratio (WHR), smoking status (yes/no), alcohol consumption (yes/no), tea consumption (yes/no), TC, TG, HDL-C, LDL-C, depression status (yes/no), CVD, HTN, FHD (yes/no), and sleep-related variables (sleep quality and duration of night sleep).
An interaction test was used to assess if there were interactive variables between self-reported snoring and prediabetes. Next, the data were stratified by potential variables, and the multivariate logistic regression models described above were operated again. All analyses were performed using Empower (R; X and Y Solutions, Inc., Boston, MA, USA). A P < 0.05 (two-sided) was considered statistically significant for all analysis.
results
The baseline characteristics of participants in the entire cohort and categorized by the self-reported snoring frequency are shown in Table 1 . A total of 13,592 participants, including 4545 men and 9047 women, aged 56.8 ± 7.9 years old, were included in the final analysis. Within them, 30.9% were diagnosed with prediabetes, while 41.3% and 25.4% were occasional and habitual snorers, respectively. With increasing snoring frequency, participants tended to be older, heavier, have higher prevalence of prediabetes, blood pressure, FBG, PPG, and TG, and include more men, smokers, habitual consumers of alcohol and tea, individuals of FHD, but have shorter duration of night sleep and lower HDL-C [ Table 1 ].
In the multivariate analysis, occasional and habitual snoring were significantly associated with the risk of prediabetes in the Model 0 (occasional snoring: OR = 1.2, 95% CI: 1.1-1.3; P < 0.001; habitual snoring: OR = 1.6, 95% CI: 1.5-1.8; P < 0.001) which adjusted for no confounding factors, and Model 1 (occasional snoring: OR = 1.1, 95% CI: 1.0-1.2; P = 0.030; habitual snoring: OR = 1.4, 95% CI: 1.3-1.5; P < 0.001), which adjusted for the traditional risk factors (age, gender, BMI) of diabetes. However, only the association between habitual snoring and prediabetes remained significant in the model 2 after further adjustments for other diabetes-related factors and sleep-related factors (OR = 1.3, 95% CI: 1.1-1.4; P < 0.001) [ Figure 1a ].
When stratifying for prediabetes subgroups, the association with habitual snoring was established for iIFG The interactions between snoring frequency and all confounders mentioned above were tested. A trend for interaction (P interaction = 0.006) was observed between snoring frequency and TC. In the subsequent multivariate analysis of TC-stratified subgroups (TC ≥5.6 mmol/L defined as hypocholesterolemia), the association of snoring frequency with prediabetes was observed only between habitual snoring and prediabetes in the non hypocholesterolemia subgroup using Model 2, but not in the hypocholesterolemia subgroup [ Table 2 ].
dIscussIon
In this cross-sectional study of 13,592 participants without diabetes who aged 40 years and older and were from three communities of Beijing, we found that self-reported habitual snoring was associated with a 30% increased risk of prediabetes, after adjusting for the diabetes and sleep-related confounders in the multivariable models, as well as its subtypes (iIFG and iIGT, but not IFG + IGT). When stratified by TC, this association between habitual snoring and prediabetes increased to 40% in individuals with nonhypercholesterolemia, but disappeared in individuals with hypercholesterolemia.
Several studies in the past have shown the relationship between snoring and diabetes, [14] [15] [16] but few studies have demonstrated an association between snoring and prediabetes. Using multivariate analysis, the NHANES study with 5685 individuals aged ≥20 years old concluded that participants with occasional and frequent snoring had higher odds of prediabetes (OR = 1.24, 95% CI: 1.04-1.47; and OR = 1.21, 96% CI: 1.02-1.43, respectively) than those who never snored. [18] Compared to this study, we found slightly higher odds (OR = 1.3, 95% CI: 1.1-1.4) of habitual snoring with prediabetes and disappearance of the association between occasional snoring, which may be explained by the racial differences between American and Chinese populations, and higher number of participants (n = 13,592) who were older (≥40 years) in our study. In addition, we adjusted sleep-related factors (sleep quality and duration) in the multivariable model. Snoring was associated with increased fasting and PBG levels in a few previous studies with individuals who were free of diabetes. [19] [20] [21] [22] However, other studies have also shown no significant association between snoring and fasting or PBG levels. [13, 23] In our study, snoring was associated with increased risks of iIFG and iIGT subgroups. Considering that iIFG is predominantly associated with hepatic insulin resistance while iIGT is often associated with muscle insulin resistance, we speculated that habitual snoring might have a link to both hepatic and muscle insulin resistance. However, it was surprising that there was no association between snoring and IFG + IGT subgroup which could be explained by the cross-sectional nature of this study.
During the development of diabetes, fasting and postload glucose levels are anomalous, accompanied with an increase in insulin resistance and decrease in β-cell function, [24, 25] which are also accounted for the physiopathology of prediabetes. [10] The pathology by which snoring increases the prediabetes risk may be the triggering of metabolic processes involving insulin action. Many studies have confirmed this viewpoint. A study of 11,815 participants without diabetes aged ≥20 years old in the National Health and Nutrition Examination Survey found that snoring frequency was positively associated with increased concentrations of insulin. [23] An analysis of data from 5888 participants of the cardiovascular health study found that snoring, one symptoms of sleep-disordered breathing, was associated with higher lower insulin sensitivity, which was estimated by the Gutt index. [13] Other researches [21, 22] also produced the same conclusion that snoring frequency was positively associated with an increase in insulin secretion and resistance. Continuous positive airway pressure (CPAP) therapy is a widely-used treatment in snoring patients. Guo et al. [26] found that CPAP therapy may improving both blood glucose and insulin sensitivity in patient with diabetes and sleep apnea-hypopnea syndrome. Several mechanisms can interpret these associations. Upper airway obstruction caused by habitual snoring could lead to intermittent hypoxia and sleep fragmentation, which may activate the sympathetic nervous and hypothalamic-pituitary-adrenal axis and increase the catecholamine and cortisol levels respectively, finally resulting in insulin sensitivity and glucose tolerance. [27] [28] [29] [30] [31] [32] The activation of pro-inflammatory cytokines induced by hypoxia also plays a role in the development of prediabetes caused by snoring. [33, 34] Dyslipidemia, including TC is known to be a high-risk factor of prediabetes and diabetes. We could not clearly explain the mechanism for the association between snoring and dyslipidemia, but sleep restriction caused by snoring may increase the levels of cortisol and ghrelin, enhance sympathetic response and reduce leptin levels, which could regulate appetite and energy expenditure. [31, 35] Our data show that snoring was associated with prediabetes in individuals with nonhypercholesterolemia rather than hypercholesterolemia. This may suggest that the effect of habitual snoring on prediabetes becomes readily measurable only when it is not overshadowed by stronger factors such as hypercholesterolemia.
Strengths of the present study includes the large samples size and the association between snoring and prediabetes were made by TC subgroup analysis. It should be noted that this study had limitations. First, the cross-sectional nature of this study could only find the occasional association; further prospective studies are needed to verify the association between snoring frequency and prediabetes. Second, the status of snoring was obtained from self-reported, only part from their family members, which might underestimate the frequency of snoring. Third, self-reported snoring frequency but not precise clinical measures, such as polysomnography, could result in some statistical error. Although polysomnography could reduce variability in the analysis, it was unavailable for a large epidemiological study.
In conclusion, we found that in individuals free of diabetes, aged ≥40 years old, habitual snoring was associated with prediabetes independent of confounders such as gender, age, BMI, WC, and many other variables. This association was observed only in participants without hypercholesterolemia. Hence, self-reported snoring maybe useful as a low-cost and noninvasive indicator in the screening of individuals who are prone to prediabetes.
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